anchoring and imaging plasmids that gives reproducible images with mean apparent plasmid widths on the order of 10 to 15 nm. We report here an improvement of this technique that shows reproducible structure along the DNA strands and can resolve detail that is in some cases the size of the double helix. This method may have applications in diverse fields ranging from protein-nucleic acid interactions to chromosome mapping. Double-stranded plasmids [BlueScript II from Stratagene, La Jolla, California and pSK 31, a gift from W. Rees at the University of Oregon, Eugene, Oregon (5)1 were attached to mica treated with magnesium acetate. This method (6) builds on earlier methods for imaging DNA on mica in the electron microscope (7, 8) . DNA on mica was stored over desiccant and then imaged under n-propanol in a Nanoscope II AFM (9) at constant force mode by using narrow (120-or 200-,um) silicon nitride cantilevers with integrated tips (10). The scan speed was typically 9 Hz, or 1 min per image. Good DNA images were easily obtained, although it was sometimes a challenge to get a plasmid distribution over the sample that was neither too sparse nor too dense. Imaging plasmids under propanol (Fig.  1, A to E) gives better resolution of detail along the strands and narrower apparent widths than imaging in air (Fig. 1F) . Propanol was chosen as a medium for imaging based on previous results in air and ethanol. Imaging forces in air are typically on the order of ten times greater than imaging forces in liquids such as ethanol (11, 12) . Therefore it is desirable to image DNA under liquid to obtain images under the most gentle conditions. Ethanol had been m REPORTS chosen previously (13) because the insolubility of DNA in ethanol should help keep the DNA on the substrate. However, DNA, at least the short oligomers imaged previously (13), moved around in the AFM experiments under ethanol. DNA is even less soluble in propanol, which was chosen for these experiments. Propanol has the added advantage that, having a low dielectric constant (20.1 at 25?C), it does not significantly screen the electrostatic forces holding the molecules on the mica substrate. Moreover, like other alcohols, propanol is a dehydrating agent that may help expose the molecular surface of the DNA to the probing tip. Both n-propanol and isopropanol, as well as n-butanol, have given comparable images of DNA; stable images have been obtained in aqueous solutions containing as little as 10% propanol.
The reproducibility and stability of the detail along the DNA strand can be seen in Fig. 2 . A 120-rnm by 120-rnm region at the bottom of the plasmid in Fig. 2A was scanned continuously for 10 to 15 min. The last image captured (Fig. 2C) is almost identical to the first (Fig. 2B ) except for some drift, and both images show the same bumps with 3-to 5-nm spacing that can be detected in the image of the entire plasmid ( Fig. 2A) . The apparent width of this plasmid is -3 nm, comparing favorably with the expected width of 2.4 nm for double-stranded DNA, although apparent widths of 4 to 8 nm are more common (Fig.  1) . Zooming in to a smaller scan size reveals somewhat more detail (Fig. 2D ), but at smaller scan sizes, the DNA is more easily damaged. This 50-nm by 50-nm zoom of the same region of the plasmid was captured several minutes after the image in Fig. 2C . Since the DNA is in propanol, one would not expect it to have the standard double helix of B-DNA that is seen in aqueous solution. Upon dehydration, B-DNA changes to A-DNA, which has a smaller helix pitch (14) . Another question about these images is the extent to which bound water or ions are being imaged instead of the DNA molecule itself. The background spots, many of which change from image to image, are probably salts and can be reduced by washing with water, but this also removes DNA. Also, in the absence of an internal size standard, calibrations are accurate to only several percent. Nonetheless, these AFM images of uncoated DNA molecules show features such as the lumps in Fig. 2 , B to D, that appear to be higher order twisting of the DNA strands. Some supercoiling is also evident in Fig. 1, C and E. The relaxed state of most plasmids is probably due to single-strand breaks.
In contrast to plasmids under propanol, plasmids imaged in air show almost no reproducible structure along the strand (Fig. IF) (4, 5) . Why are the plasmid images so much better in propanol? One answer lies in the AFM force curves ( The force curve in air shows a larger imaging force and a large hysteresis (Fig.  3B) . The large hysteresis indicates that in air the tip adheres strongly to the substrate and can be withdrawn from it only with difficulty. In air, even at 40% humidity, which is used for imaging plasmids, there are traces of water on the tip and the sample, which creates a large meniscus force (12, 15) that perhaps deforms and distorts the DNA enough to obscure detail along the strands and give the DNA a somewhat greater apparent width.
Another factor affecting image quality is the AFM tip (Fig. 4) . There seems to be a correlation between tip width and the apparent width of DNA in AFM images ( C (1-3) . The reported global warming amounts to only a few tenths of 1% of the absolute temperature. Thus, it would be valuable to identify measurable physical parameters that are nonlinearly dependent on the fluctuations in atmospheric temperature so that some gain in the detection of these subtle temperature changes can be achieved. In this report I investigate the idea that the Schumann resonance, a global electromagnetic phenomenon driven by worldwide lightning activity, is one such measurable parameter. Lightning is linked with cloud electrification and the accumulation of ice particles in the upper troposphere. The nonlinear electrification process is controlled by buoyancy, the modest departures from hydrostatic equilibrium caused by temperature differences of the order of 1?C. Buoyancy in turn is controlled primarily by surface air temperature, the principal datum in current studies of global change.
Convection is systematically deeper and more frequent in the tropics than at higher latitudes. This behavior is essentially the result of the pole-to-equator temperature increase and the Clausius-Clapeyron relation. Lightning activity increases dramatically with the depth and vigor of convection (4) and is dominant in the tropics (5, 6) (Fig. 1) similar strong sensitivity (Fig. 3) . This site, closer to the equator than Darwin, experiences a smaller annual variation in wetbulb temperature, but a modest 1.9?C annual change was associated with a 20-fold change in lightning activity. At latitudes more distant from the equator but still within the tropics, the annual variation of wet-bulb temperature increased while the annual variation of monthly mean lightning activity remained about the same. Consequently, the lightning sensitivity to seasonal variations in temperature decreases with increasing latitude. Data from Mexico (10), southem Brazil (11), and Botswana in Africa (12) show approximate doublings of lightning activity per 1?C of wet-bulb temperature change. In Orlando, Florida (28?N), which lies outside the tropical belt but is the most lightningactive region in the United States, a similar sensitivity has been observed (13) (Fig. 4) .
The interpretation of the sensitive relation between lightning and wet-bulb temperature is based on observations of the thermodynamic structure of the tropical 
